The article by Zachariah and Kovacikova [1] on blood pressure in children sets out the prevailing views on children, which concentrate on the associations of brachial cuff systolic pressure (SP) and diastolic pressure (DP) with obesity [2] and the concern that if elevated levels of SP, DP and obesity track into adulthood, the worldwide epidemic of atherosclerosis will continue in Western countries and worsen in developing nations.
As a consequence of the above, there is confusion in the paediatric community as to the significance of 'high' SP or DP in children and adolescents. Zachariah and Kovacikova [1] refer to relatively high SP as being observed commonly in apparently perfectly normal children and adolescents. In a previous study [10] , we have proposed that this can be a normal phenomenon in normal adolescents (especially in tall young males) due to high amplification of the pulse in the upper limb, warranting a description of 'spurious systolic hypertension of youth'. We have pressed this view with respect to isolated systolic hypertension, urging that adolescents with high SP should have the central aortic pressure measured before being branded with the stigma of 'hypertension' and being subject to investigations, therapy, and restrictions in a future career [11] . The European Societies of Hypertension and of Cardiology (ESH and ESC [12] ) give credence to this view. In stark contrast, US Guidelines and statements from the American Society of Hypertension (ASH), the American College of Cardiology (ACC), and the American Heart Association (AHA) make no mention of this condition [2, 13, 14] , nor does the 12-page review on hypertension in children and adolescents in the New England Journal of Medicine published in September 2014 by a respected author [15] .
Zachariah and Kovacikova [1] , writing from Boston, appear justifiably uncomfortable with the approach to hypertension in children and adolescents as it currently exists in the USA. The approach to hypertension in general is based on values for SP and DP obtained by the cuff sphygmomanometer. It is surprising that clinicians, in the nation that pioneered the application of cuff sphygmomanometry to community problems of hypertension as 'the silent killer' [16] , exactly one century ago through life insurance studies, still persist in the view that the sphygmomanometer cuff exclusively and alone needs be used to diagnose hypertension. The curious situation arises that an American youth who seeks a career in the US Air Force as a pilot or astronaut can be disqualified from entry on the basis of the century-old instrument (the brachial sphygmomanometer) used exclusively to diagnose a disease -'hypertension'.
Zachariah and Kovacikova [1] suggest advances that could be made from description of blood pressure values as mean (MP) and pulse pressure (PP), rather than SP and DP, quoting the work of Franklin et al. [17] from the Framingham Heart Study that, for persons over the age of 60 years, PP is the better predictor of cardiovascular outcomes than SP or DP. However, an earlier publication on this study showed that PP in males, while predictive of coronary events in persons over the age of 60 years was inversely related to coronary events under the age of 40 years [18] . Dawber et al. [19] and Kannel et al. [20] from the Framingham study had first called attention to aortic stiffening with age as causing an increase of SP and PP in older humans and had introduced pulse waveform analysis in diagnosing this condition ( fig. 1 ). Their work stimulated the US National Institutes of Health to undertake the Systolic Hypertension in the Elderly Project (SHEP), which confirmed ill effects of elevated SP in persons over 60 years of age and the benefits of treating this with medical therapy in order to reduce the risk of coronary events, stroke, and cardiac failure, irrespective of whether DP was normal or low. SHEP [21] was confirmed by the reanalysis of European [22] and Chinese [23] studies in persons with systolic hypertension over 60 years of age. Isolated systolic hypertension was introduced in 1991 and became the major focus of attention in the treatment of hypertension. We believe that a mistake was made in applying the results of SHEP to persons under the age of 60 years, in many of whom elevated brachial SP was caused not by aortic stiffening [24] , but by high amplification of brachial and radial pressure from a normal aortic pressure wave [10, 11, 25] .
The logic of Zachariah and Kovacikova [1] on measuring MP and PP is unfortunately flawed [10, 11, 24] . MP of an invasively recorded pressure wave is usually obtained by mathematical integration over the duration of the wave. It cannot be obtained with any formula such as (MP = DP + 1/3 of PP), since MP depends on the shape of the wave (with quite different results depending on whether the peak of the wave is highly spiked as in children or broadly rounded as in elderly persons [26] ). The amplitude of the pressure wave is different when taken simultaneously in a peripheral artery, such as the radial or brachial, and in the ascending aorta, whereas MP is almost exactly the same, with an imperceptible drop (less than 1 mm Hg) between the aorta and peripheral artery [27] .
The suggestion of using MP and PP could become a reality by using a brachial cuff and oscillometry, where maximal oscillation in the cuff corresponds to the MP in the artery [28] , and where proprietary cuff algorithms are used to detect pressures that correspond to SP (peak), and DP (trough) from the oscillometric waveform, not just for the brachial artery (as done now), but for the ascending aorta as well. A number of device companies, including Omron and AtCor Medical, are working towards this goal.
The most promising approach to arterial pressure in childhood, through adolescence, and even into adulthood comes from the consideration of wave reflection in the arterial system as well as peripheral resistance and central aortic stiffness. Ejection of blood from the left ventricle is monophasic, i.e. a single spurt. This generates a similar pressure wave in the [19] in the Framingham study, representing low stiffness (top), high stiffness (bottom), and intermediate stiffness (center). For further explanation, see text.
Vasculography
Class I -A distinct incisura is inscribed on the downward slope of the pulse wave.
Class II -No incisura develops but the line of descent becomes horizontal.
Class III -No notch is present but a well-defined change in the angle of descent is observed.
Class IV -No evidence of a notch is seen.
ascending aorta but is interrupted by wave reflection from the vascular networks of peripheral sites, where low-resistance arteries terminate in high-resistance arterioles [24] . There are more of these positively reflecting peripheral sites in the lower body than in the trunk and upper body, so that wave reflection may take the form of a discrete secondary wave arising from the lower limb, which appears to show damped oscillation throughout diastole around the exponentially declining pressure preceding the next wave, i.e. the next spurt of flow from the left ventricle [19] ( fig. 1 ) . The shape of the pressure wave in an artery depends on its site, the length (height) of the body, and the speed of travel of the pulse along the wall of the arterial tree. Typical wave shapes were shown by the Framingham investigators to represent the stiffness of the arterial tree in adult humans ( fig. 1 ) . At one extreme, denoting low stiffness ( fig. 1 ; top panel) , the initial systolic peak was early in systole, and a separate positive wave was seen in diastole, denoting return of the pressure wave. Here, the reflected wave was seen separately from the incident wave and returning late from the periphery. At the other extreme ( fig. 1 ; bottom panel), denoting high arterial stiffness, the usual peak was represented by a shoulder on the wave, and the reflected wave, returning early, created a peak in late systole, with no perceptible further fluctuation during diastole. Two intermediate types of wave were described by Kannel et al. [20] and Dawber et al. [19] . In adults, the shape of the wave was associated with the presence of arteriosclerotic disease and future cardiovascular events in the Framingham study [19, 20, 24] , but the results were not decisive and this project was not continued. In even earlier texts, one can see that the pressure waveform with a late systolic peak and exponential decline during diastole was recognised by 19th century sphygmograph pioneers including Marey, Mahomed, and Mackenzie to signify aging, arteriosclerosis, and high blood pressure in adults [24] .
Limited data are available on pressure waveforms in children but are beginning to emerge from the ongoing longitudinal studies of 8-year-old children by Celermajer's group [29] in Sydney using the SphygmoCor system. This paper shows evidence of high, wave reflection in both male and female children with amplification of almost 20 mm Hg between calculated central aortic and measured radial systolic peaks. In our limited study of children and adolescents [30] , we have seen a similarly high amplification of the radial peak above the calculated central aortic peak in children as young as 5 years of age, and with amplification increasing with age, especially in adolescents of 18 years of age, when growth in height stops.
These observations help to explain the values of SP reported in the NHBPEP childhood studies [3] . These showed a progressive increase in SP from the first year of life (85 mm Hg) to 115 mm Hg at the age of 17 years. This increase in SP of 30 mm Hg in 16 years is greater than seen at any time later in life. Indeed, there is a gap between the age covered by these studies and the major studies in adults, and a plateau in SP appears around this time. The adult studies continue this plateau to around the age of 35 years, whereafter pressure begins again to climb progressively with age.
When data on children and adults are graphed together from the major trials of brachial pressure from males to females, we see a progressive rise in SP for males and females to around the age of 20 years, then a plateau to the age of 35 years, and a secondary slower rise from the age of 40 years [6] . This is likewise seen in the only longitudinal study of brachial cuff pressure following patients from birth to the age of 33 years [7] .
When central SP is estimated from the major trials, by reducing SP by the amount of amplification that we have seen in corresponding large studies, we see a near linear rise with age [30] , which is quite different to the triphasic increase apparent in the early population studies.
The major points I have tried to make in this Commentary are that values of central aortic pressure (and of PP) in children are much lower, by 10-30 mm Hg, than when measured at
